Effects of photopefiod on growth, eating patterns and clearance rate, secretion rate and half-life of growth hormone in serum were assessed in Holstein heifers. Sixty-four prepubertal heifers (avg body wt 102 kg) were blocked by weight into four groups of 16. Within block, each animal was randomly assigned to one of four photoperiod treatments: 16 h of cool-white fluorescent light:8 h dark (CW-16L:8D), CW-8L:I6D, CW-6L:8D:2L:8D or 16 h of VitaLite '~ fluorescent light:8D (V-16L:8D). Animals were fed ad libitum a complete mixed diet formulated for heifers to gain approximately .9 kg/d. Average daily body weight gains were .93, .96, .98 and 1.0 kg/d during 112 d of exposure to CW-8L:I6D, CW-6L:8D:2L:8D, CW-16L'8D and V-16L:8D, respectively. Heifers exposed to V 16L:8D and CW-16L:8D gained more weight (112 and I10 kg; P<.05 and P<.08, respectively) than heifers exposed to CW-8L:I6D (104 kg). Body weight gain was not different (P>.I0) between heifers exposed to CW-6L:8D:2L:8D (108 kg) or CW-8L:I6D, or between heifers exposed to CW-16L:8D or V-16L:8D. Total number of eating events in 30 h and percentage of total events in the lighted period were 549 and 96% and 523 and 50% in heifers exposed to CW-16L:8D and CW-8L: 16D, respectively. Clearance rates (620 vs 636 ml/min), secretion rates (3.0 vs 3.8 ttg/min) and half lives (17.2 vs 17.9 min) of growth hormone in serum were similar in heifers exposed to CW-16L:8D and CW-8L: 16D. Results suggest that exposure to photoperiods of 16L:SD stimulate body weight gain in cattle, but these increases were not associated with several measures of growth hormone secretion.
Introduction
Exposure to a daily photoperiod of 16 h of cool-white (CW) fluorescent light (L) and 8 h of dark (D) increased body weight gains in cattle 10 to 18% compared with animals exposed to natural winter photoperiods of 9 to 12 h durations of daily light (Peters et al., , 1980 or CW-8L:16D (Petitclerc et al., 1983a) . In other experiments, exposure to 16 h of CW-L compared with less than 12 h L (source of L = CW or natural sunlight) increased concentrations of prolactin in serum of cattle (Bourne and Tucker, 1975; Peters et al., 1981 to be present as a 16-h continuous block to stimulate serum concentrations of prolactin. Stimulatory effects of long duration photoperiods (16L:8D) can be mimicked by coupling short duration photoperiods (6 or 7 h of L) with a brief period (i to 2 h) of light at a precise time during the scotoperiod. For example, the increase in serum prolactin in cattle exposed to a photoperiod of 6L:8D:2L:8D was similar to cattle exposed to 16L:8D (Petitclerc et al., 1983b) . In addition, lambs exposed to photoperiods of 7L:9D:IL:7D or 7L:IOD:IL:6D grew faster than lambs given 8L:I6D (Schanbacker and Crouse, 1981; Brinklow et al., 1984) . Lamp types other than CW effectively stimulate serum concentrations of prolactin. For example, exposure to 16 h of Vita-Lite | (V) 4, a fluorescent light source with spectral properties similar to natural sunlight, is as effective as exposure to CW-16L:8D in stimulating serum concentrations of prolactin in cattle (Stanisiewski et al., 1984) . In addition, cows exposed to 16 h of Vita-Lite ~ produced more milk than cows exposed to natural winter photoperiods (Stanisiewski et al., 1985) . It is unknown, however, whether exposure to 6L:8D:2L:8D or 16 1273 J. Anim. Sci. 1986 Sci. .62:1273 Sci. -1278 h of continuous daily exposure to Vita-Lite | stimulates body weight gain in cattle compared with exposure to short-day photoperiods (8L:16D). Therefore, a primary objective of the present study was to compare the effects of photoperiods and a lamp type known to influence serum concentrations of prolactin on body weight gains in Holstein heifers. Growth hormone (GH) is one of the primary hormones responsible for animal growth (Bates et al., 1964; Davis et al., 1984) , However, photoperiod has little influence on mean concentrations of GH in cattle Leining et al., 1980; Peters et al., 1981) nor does photoperiod affect GH response to thyrotropin releasing hormone (TRH; Leining et al., 1980) . Average concentrations of hormones in serum are a function of metabolic secretion (SR) and clearance (CR) rates; thus, similar average hormone concentrations may be the result of marked differences between SR and CR (Hart et al., 1980) . A second objective of the current study was to determine if SR, CR and half-life (tV2) of GH in serum were different in Holstein heifers exposed to 16 or 8 h of CW-L per day.
Materials and Methods
Based on initial body weight, 64 prepubertal Holstein heifers, approximately 3 mo of age (avg body wt 102 ___ 2.6 kg), were arranged by weight in blocks of four heifers each. Animals within block were randomly assigned to one of four photoperiod treatments (n=16); CW-16L:8D; CW-8L:16D; V-16L:8D or CW-6L:8D:2L:8D. Heifers were housed unrestrained in four separate light-controlled pens; no suppplemental heat was provided. All heifers from each photoperiod treatment were housed within a single pen. First light period began at 0700 each day in all pens. Light intensity, measured at the approximate eye level of heifers, averaged 230 lx in each pen. Photoperiod treatments began on October 31 and continued for 112 d.
All heifers received a complete mixed diet, fed ad libitum, formulated for heifers to gain approximately .9 kg/d (table 1). Fresh feed was offered daily at 0800 and ref~asals of feed for each group were recorded each day. In addition to feed intake, eating patterns of heifers ex5Harvard Apparatus Co., Cambridge, MA. posed to 8 or 16 h of CW-L were monitored. Numbers of animals eating were counted at 10-min intervals for 30 h beginning at 0700 on d 110 of photoperiod treatment. Approximately once per month, animals were deprived of water for 16 h and weighed.
Clearance rate and SR of GH were determined by a steady-state, constant infusion method (Tait, 1963) . CR, SR and tV2 of GH were calculated as described by Akers et al. (1980) . Growth hormone for infusion was prepared in a sterile solution containing 2.1% NaHCO3, 2.6% Na2CO 3, .9% NaC1 and .1% bovine serum albumin (BSA) at a pH of 8.0 (total volume infused was 40 ml). Prior to infusion, cannulas were flushed with .1% BSA in .9% NaCl to minimize adsorption of GH.
To determine if infusion rate affected estimates of CR, SR and tl/2 of GH in serum, two Holstein heifers were infused beginning at 0900 with either 2 or 4 mg/h of GH (NIH-bl8) for 4 h in a preliminary experiment. GH was infused intravenously at a steady rate using a constant infusion pump 5. On the morning of infusion, heifers were fitted with polyvinyl cannulas in each jugular vein; one was for blood sampling and the other for infusion of GH. Blood sampling began approximately 1 h after cannulation of the last animal. Pre-infusion concentrations of GH were determined in sera collected at 10-min intervals for 30 min before infusion. Blood was collected every 15 min during infusion. Variation associated with steady state concentrations of GH was greater in the first 3 h of infu-sion as compared with the last hour Therefore, GH assayed in sera collected during the last hour of infusion was used to estimate concentrations of GH at steady state. Blood was collected at 5-min intervals for 60 min after termination of infusion. GH assayed in sera collected during the linear decline of the curve (initial 35 min post-infusion) was used to calculate ti/2. Infusion rates were reversed between the two heifers the following day and the animals were reinfused for 4 h.
Blood was stored at 20 C for 2 to 6 h, then stored overnight at 4 C. The following afternoon, samples were centrifuged at 2,000 • g for 30 min and sera were decanted and stored at -20 C until assayed for GH (Purchas et al., 1970) . Bovine GH (NIH-bI2) was used as reference standard.
At the conclusion of the growth trial, eight heifers exposed to CW-8L: 16D and their corresponding block-mates exposed to CW-16L:8D were infused with 1.5 mg/h of GH for4 h beginning at 0900. Steady state concentrations of GH in serum during infusion of 2 and 4 mg GH/h doses exceeded concentrations usually observed under normal physiological conditions. Therefore, the dose was reduced to 1.5 mg GH/h. Preparation of GH, infusion and sampling were as described in the preliminary experiment.
Body weights were analyzed by split-plot analysis of variance with repeat measure (Gill and Hafs, 1971) . Differences in body weight gain between treatment means were compared by the Bonferroni t-test procedure on non-orthogonal contrasts (Gill, 1978) . Treatment means of CR, SR and tl/2 of GH in serum were compared by two treatment t-test (Gill, 1978) .
Results
Body Weight Gain. Body weight of all heifers averaged 102 kg at the start of treatment. Body weights increased 104, 108, 110 and 112 kg during the 112 d of exposure to CW-8L: 16D, CW-6L:8D:2L:8D, CW-16L:8D and V-16L:8D, respectively (figure 1). Heifers exposed to V-16L:8D and CW-16L:8D gained more body weight (8%, P<.05 and 6%, P<.08, respectively) than heifers exposed to CW-8L: 16D, but there was no difference (P>. 10) in body weight gain between the two 16-h light treatments. Although heifers exposed to CW-6L:8D:2L:8D gained 4% more weight than heifers given CW-8L:16D, the advantage was not significant (P>. 10). 
Dry Matter lntake and Eating Patterns.
Daily dry matter intake averaged 79, 80, 80 and 82 kg/pen for heifers exposed to CW-8L: 16D, CW-6L:8D:2L:8D, CW-16L:8D and V-16L:8D, respectively. Although statistical contrasts among photoperiod treatments were not possible because animals were fed in groups, fed-to-gain ratios were 5.1, 5.1, 5.2 and 5.3 in heifers exposed to V-16L:8D and CW-16L:8D, CW-6L:8D:2L:8D and CW-8L:16D, respectively.
Eating patterns of heifers exposed to CW-8L'16D or CW-16L:8D are presented in figure 2. Since only a single observation period of eating events was made, statistical contrasts between treatments were not possible. During the 30-h observation period heifers exposed to CW-16L:8D or CW-8L:16D had 549 and 523 total eating events, respectively. Heifers exposed to CW-16L:8D had 96% of their eating events during the light periods while heifers given CW-8L:16D had 50%. Eating activity increased in both groups when fresh feed was offered (three out of four times), even though ample feed was available at all times. Concentra- tions of GH in serum averaged 6.2 ng/ml in two heifers prior to infusion of 2 or 4 mg GH/h (table 2). Steady state of GH in serum was reached in 90 to 120 rain at concentrations of 56.5 +__ 2.3 and 101.8 ___ 6.6 ng/ml in heifers infused with 2 or 4 mg/h, respectively. Pre-infusion concentrations, SR, CR and tY2 of GH were not different (P>.I0) in heifers infused with 2 or 4 mg GH/h (table 2) .
SR, CR and tl/2 of GH in Serum.
Concentrations of GH in serum prior to infusion of 1.5 mg GH/h were 5.3 and 4.7 ng/ml in heifers exposed to 8 or 16 h of CW-L, repectively (table 2). Animals exposed to CW-8L:I6D and CW-16L:8D attained steady state concentrations of GH in 90 to 120 rain at 44.6 and 45.1 ng/ml, respectivley (figure 3). Photoperiod did not affect (P>.I0) pre-infusion concentrations, SR, CR or tV2 of GH in serum (table 2) .
Discussion
Greater gains of body weight in heifers exposed to longer durations of daily light confirm previous findings (Peters et al., , 1980 Petitclerc et al., 1983a) . Exposure to Vita-Lite | was as effective as CW in stimulating body weight gain. However, body weight gains in heifers exposed to 6L:8D:2L:8D or CW-8L: 16D were not statistically different. Photoperiod-induced weight gain was smaller in the present study than in previous research. For example, Peters et al. (1980) observed a 17% increase in average daily gain in heifers given 16L:SD compared with natural winter photoperiods. Experimental conditions in the present study and conditions in Peters et al. (1980) were not identical, which may also account for differences in the magnitude of the response to photoperiod. For example, lights in the current study were abruptly turned on and off at dawn and dusk, sera of Holstein heifers infused with 1.5 mg GH/h (NIHb18) for 4 h and exposed to 8 (.) or 16 (A) h of cool-white fluorescent light per day. Each point is the mean of seven or eight samples. Standard errors were .9 ng/ml before infusion and 4.3 ng/ml at steady state (120 to 240 min).
whereas Peters et al. (1980) compared body weight gain in heifers exposed to natural winter photoperiods with natural winter plus supplemental light; thus, natural transitions of light intensity occurred at dawn in both treatments and at dusk in the short-day treatment (Peters et al., 1980) . In deer mice, gradual transitions in light intensity at dawn and dusk are a more potent cue for length of light per day than abrupt changes in light intensity (Kavanau, 1962) . Holstein heifers exposed to CW-16L:8D with gradual transitions of light intensity at dawn and dusk gained 2% more weight than animals exposed to CW-16L:8D with abrupt transitions in intensity (Zinn et al., 1985) . Although the difference in weight gain was not significant, gradual transitions of light intensity compared with abrupt changes may be a more potent cue for length of light per day in the photoperiod-induced growth response in cattle. Sorensen (1984) reported that peri-weanling cattle required 140 d of exposure to show a significant advantage in body weight gain compared with animals exposed to short days. If treatments had continued longer than 112 d in the present study, the magnitude of the photoperiod-induced weight gain may have been greater and the response to CW-6L:8D:2L:8D may have become significant. Similar to previous results (Zinn et al., 1983) , heifers exposed to CW-8L: 16D had 75% of their eating activity in the first 16 h and 25% in the last 8 h of the day compared with 96 and 4% for the same periods in heifers exposed to CW-16L:8D. Thus, cattle exposed to short-day photoperiods do not concentrate all their eating activity in the lighted period. However, eating activity in the dark by heifers exposed to CW-8L: 16D occurred primarily in the 2 h just after lights off and the 2 h just before lights on. Differences in eating patterns may be a component of the anabolic effects of long-day photoperiods (Schanbacher and Crouse, 1981; Eisemann et al., 1984) .
In the present study, CR and SR of GH in serum were similar to previous results in cattle (Trenkle, 1971 ; Trenkle and Topel, 1978) . In addition, tV2 of GH in serum were within the range of values (9 to 35 min) previously reported for cattle (Yousef et al., 1969; Trenkle, 1971 Trenkle, , 1976 Trenkle, , 1977 Trenkle and Topel, 1978) . Photoperiod did not influence pre-infusion concentrations, CR, SR or tV2 of GH in serum in the present study, nor did photoperiod affect mean serum concentrations of GH nor GH response to TRH injection in cattle (Leining et al., 1980; Peters and Tucker, 1981; Peters et al., 1981; Petitclerc et al., 1983a) . Therefore, photoperiod-induced increases in body weight were not associated with several measures of GH secretion.
In conclusion, exposure of Holstein heifers to 16 h of CW or V fluorescent light increased body weight gain. Pre-infusion concentrations, CR, SR and tlA of GH in serum were not affected by photoperiod and were not associated with photoperiod-induced increments in growth. Further research will be required to determine the mechanisms whereby photoperiod affects body weight gain.
